Secondary chick embryo fibroblasts infected with fowl plague virus were pulsed with [aH]arginine and treated with ethanol and hydrochloric acid. Radioautographic pictures disclosed heavily labelled nuclei in infected cells; uninfected controls had an even distribution of grains over nucleus and cytoplasm. Total incorporation into infected cells was about three times that in controls during the whole productive cycle. Quantitative comparison of the number of grains over nucleus and cytoplasm indicated that the nucleus was the site of synthesis of this arginine-rich component. With [3H]leucine and [3H]lysine additional mmlear incorporation was very weak or could not be seen.
Institut fiir Virologie, Justus Liebig-Universitiit
Giessen, Germany (Accepted 29 July I968) SUMMARY Secondary chick embryo fibroblasts infected with fowl plague virus were pulsed with [aH] arginine and treated with ethanol and hydrochloric acid. Radioautographic pictures disclosed heavily labelled nuclei in infected cells; uninfected controls had an even distribution of grains over nucleus and cytoplasm. Total incorporation into infected cells was about three times that in controls during the whole productive cycle. Quantitative comparison of the number of grains over nucleus and cytoplasm indicated that the nucleus was the site of synthesis of this arginine-rich component. With [3H]leucine and [3H]lysine additional mmlear incorporation was very weak or could not be seen.
I N T R O D U C T I O N
With the aid of the fluorescent antibody technique RNP-antigen of influenza viruses could be localized in the cell nucleus, whereas haemagglutinin was detectable only in the cytoplasm (Breitenfeld & Sch~ifer, 1957) . This localization of the RNPantigen in the nucleus might have been partly due to some common characteristics and affinities shared by the viral nucleoprotein and the basic proteins of the nucleus. The importance of arginine, one of the key amino acids of nucleohistones, for influenza virus reproduction was therefore examined. This amino acid has been found to be very important for the synthesis of herpes virus (Becket, Olshevsky & Levitt, 1967) and for the maturation of adenovirus (Rous & Schlesinger, 1967) .
METHODS
Secondary chick fibroblasts were used as monolayers and for radioautography as single cells on coverslips. The cultures were infected with fowl plague virus at a multiplicity of about io and incubated with minimal medium (Eagle & Habel, 1956 ). The same medium was added simultaneously to a parallel series of control cultures.
Radioautography. At different times after infection [3H]arginine (specific activity
380 mc/mM) was added to the cultures. In some parallel experiments the same activities of [3H]leucine (specific activity iooo mc/mM) and [3H]lysine (specific activity 256 me/ raM) were used. After pulses of from 5 to 45 min. the cultures were washed three times with ice-cold borate buffer (0.2 M-borate + o.I 4 M-NaC1, pH 9.o) and fixed with cold 80 ~o ethanol in o'25 N-HC1 for 2o min. at room temperature. The cells were washed once with 0"25 N-HCI and treated with the same solution for another 2o min. Finally they were washed successively with 6~ trichloracetic acid, 70 ~ and 96 ~ ethanol H. BECHT and then air-dried. The dry coverslips were mounted on slides, covered with Kodak NTB-2 emulsion and exposed from I to 4 weeks at 4 °. After development and fixation the preparations were either examined directly by phase-contrast microscopy or after staining with toluidine blue (o'o5 ~ in Mcllvaine citrate buffer, pH 6.o) for 15 min. The number of grains over nucleus and cytoplasm were counted in preparations which had been covered with Kodak AR IO stripping film and stained with toluidine blue. Only those cells were examined which were not in contact with neighbouring ceils, which showed clear morphological limits between nucleus and cytoplasm and which had distinctly visible grains. Each value was obtained from 20 cells.
Assay for total radioactivity. A series of monolayers, infected and uninfected, were pulsed with [ZH]arginine, [aH]leucine and [3H]lysine, 1"75 #c/ml., and treated with acid ethanol as described above and dried with ether. In parallel experiments the cultures were washed with cold PBS and extracted with 6 ~o trichloracetic acid, washed with ethanol and dried with ether (Scholtissek, Becht & Drzeniek, 1967) . In each case the total amount of precipitated radioactivity was measured in a scintillation counter after alkaline hydrolysis of the cell sheet. Radioactivity was expressed as the absolute number of counts/min./Petri dish.
Biological assays. Cells in monolayers were starved over-night in a medium lacking one of the three amino acids arginine, leucine or lysine. After infection the cells were incubated with the same deficient medium. At hourly intervals after infection two cultures were removed and tested for the appearance of infectious virus and of haemagglutinin.
RESULTS

Radioautography
Uninfected cells which had incorporated labelled amino acids, particularly [~H]-arginine, and which had been treated with ethanol and dilute hydrochloric acid showed uniform distribution of grains over the entire cell nucleus as well as cytoplasm. Cells which were infected with fowl plague virus, however, and pulsed with [3H]-arginine had predominantly labelled nuclei (PI. I). After a pulse of IO min. nuclei of infected cells could easily be recognized by their heavier grain charge, and with increasing pulse lengths this effect became more and more prominent. After a pulse of 5 min., however, simple microscopic inspection did not readily disclose any difference between infected and control preparations. 
Quantitative radioautography
The total numbers of grains over the cytoplasm or the nucleus of 20 uninfected and infected cells were counted and the ratios between cytoplasmatic and nuclear grain counts calculated (Table 0 . Regardless of the pulse length with [aH] arginine the ratio cytoplasm/nucleus was about 5 in uninfected cells, whereas infected cells always had a ratio of about z. Figure I a-c shows the radioactive counts for [3H]arginine, [3H]leucine and [3H]-lysine in controls and infected cultures. After an initial stimulation of the incorporation rate of all three amino acids--with arginine lasting up to 2 hr--the curves for leucine and lysine rapidly approached the control values. Arginine uptake by infected cells, however, was about three times greater than in control cultures. The decline of arginine-incorporation rates paralleled that of the controls in minimal medium but remained elevated. The curves obtained with acid-insoluble material after extraction with trichloracetic acid paralleled this pattern. 
Total incorporation during the productive cycle
Effect of actinomycin D
When actinomycin was added immediately after infection, the total amount of arginine incorporated was not greater in infected cultures than in controls. Addition of the inhibitor 2 hr after infection, however, did not diminish the incorporation into infected cells to any considerable extent, as pulses made 6 hr after infection indicate (Table 2) .
Assay for biologically active viral products
Arginine deficiency reduced the yield of infectious virus and of haemagglutinating material. Variable amounts, between 5 ~o and 25 ~ compared with controls in complete medium, were obtained in different experiments. A shortage of leucine hardly affected viral reproduction, and a lack of lysine had no influence at all.
DISCUSSION
The radioautographic pictures make it clear that an arginine-rich component is induced in the cell nucleus after infection with fowl plague virus. The importance of this amino acid is emphasized by reduced virus yields under conditions of a reduced cellular arginine pool, in contrast to leucine and lysine deficiency which hardly affects the amount of virus produced.
Total incorporation of these labelled amino acids emphasizes these findings. Only arginine uptake into infected ceils is consistently about three times as high as in normal cells. This amino acid must be incorporated into virus-specific material at about the same rate during the whole observation time, even at 6 hr after infection, when the bulk of virus has been manufactured. This is again supported by radioautographs, where heavily labelled nuclei appear 2 or 6 hr after infection. This virus-directed incorporation of arginine could be followed in radioautographic preparations until the synthetic capacity of the cells ceased owing to cell necrosis.
Treatment of the cells with ethanol and acid dissolves a sufficient amount of arginine-rich nucleohistones to leave only a uniform 'background' labelling of the cells and permits an easy distinction of the arginine-rich viral component in the nucleus. It cannot be attributed with certainty to any of the viral subfractions known so far; it can only be tentatively identified as the RNP-antigen, which is found in the nucleus with fluorescent antibody techniques and which precipitates in vitro at pH 4"5 (Sch/ifer, Munk & Mussgay, I956).
This arginine-rich component precipitated in the nucleus by ethanol and dilute hydrochloric acid must be virus-specific, since its appearance coincides with the first biologically active viral products manufactured during the replicative cycle.
It is well established that actinomycin D, added to the medium immediately after adsorption, prevents any synthesis of virus-specific material and that it does not completely block virus formation when it is added 2 hr after infection (Barry, Ives & Cruickshank, I962; Rott & Scholtissek, I964) . Synthesis of biologically active virus material parallels the amounts of arginine incorporated under the same experimental conditions, which emphasizes again the virus-specificity of the arginine-rich component.
The fact that arginine incorporation proceeds further, even after virus production has run its full course, might reflect continuous synthesis of structural subunits assembled into moieties which are antigenically inactive or which are not quantitatively recognized with the serological procedures normally used.
With the dynamic principle of the radioautographic technique the ratio of grain numbers between nucleus and cytoplasm could furnish an indication for the site of synthesis of this arginine-rich component. The best explanation for the same ratios obtained in cells labelled for 5 to 4 ° min. would be that within these time limits the component is synthesized in the nucleus and is transported at a constant rate per unit time to the cytoplasm. If it proved to be identical with the RNP-antigen, it would serve there as the core for the formation of mature virus particles.
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